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ABSTRACT 

We present accurate wide-field uVI photometry of the remote and massive Galactic 
globular cluster NGC 2419, aimed at searching for the u-V color spread along the Red 
Giant Branch (RGB) that is generally interpreted as the photometric signature of the 
presence of multiple populations in globular clusters. Focusing on the RGB stars in 
the magnitude range 19.8 22.0, we find that (a) the u-V, u-I and the V-I spreads 

about the RGB ridge line are significantly larger than that expected from observational 
errors, accurately quantified by means of extensive artificial stars experiments, (b) the 
intrinsic color spread in u-V and u-I are larger than in V-I, (c) the stars lying to the 
blue of the RGB ridge line in u-V and u-I are significantly more concentrated toward 
the cluster center than those lying to the red of that line. All the above observational 
facts can be interpreted in a scenario where a sizable fraction of cluster stars belong 
to a second generation heavily enriched in Helium. Finally we find that bright RGB 
stars (17.5 <V< 19.0) having [Mg/Fe]< 0.0 lie preferentially on the red side of the 
cluster RGB, while those having [Mg/Fe]> 0.0 lie preferentially on the blue side. 
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1 INTRODUCTION 

It is now generally recognised that Galactic Globular Clus- 
ters (GCs) are not hosting a pure single-age single-chemical- 
composition stellar population, but were in fact the site of 
two (or more) bursts of star formation, accompanied by 
chemical evolution, during t he first ~ 10^ years of their life- 
times as stellar systems fsee lGratton. Carretta &: Bragaglial 
|2012| . G12 hereafter, for a recent thorough review and refer- 
ences). This postulation is motivated by the discovery that 
many GCs host stellar populations with differences in their 
chemical composition. 



* Based on data acquired using the Large Binocular Telescope 
(LBT). The LBT is an international collaboration among insti- 
tutions in the United States, Italy, and Germany. LBT Corpora- 
tion partners are The University of Arizona on behalf of the Ari- 
zona university system; Istituto Nazionale di Astrofisica, Italy; 
LBT Beteiligungsgesellschaft, Germany, representing the Max- 
Planck Society, the Astrophysical Institute Potsdam, and Heidel- 
berg University; The Ohio State University; and The Research 
Corporation, on behalf of The University of Notre Dame, Univer- 
sity of Minnesota and University of Virginia, 
t E-mail: gbeccari@eso.org 



High-resolution spectroscopy of large samples of Red 
Giant Branch (RGB) stars in many GCs have revealed 
the presence of significant (and correlated) spreads in the 
chemical abundance of some light elements (primarily O, 
Na, Mg, Al) among the stars of each cluster, in spite of a 
virtually perfect ho mogeneity in iron abundance (see, e.g. 
ICarretta et~aLll2009l . references and discussion therein). The 
finding of the same abundance pattern among GC Main 
Sequence (MS) and Sub Giant Branch (SGB) stars in- 
dicates that it is not attributable to evolutionary effects 
but to chemical pollution of pristine gas from which clus- 
ter stars originally formed ( see, e.g. iGratton et al.l I2001I : 
iRamfrez fc CohenI 20021 . |2003| ). Low-resolution spectroscopic 
analyses (both for RGB and MS-SGB stars) were able to 
trace large spreads and anti-correlations in the strength of 
CN and CH bands, in some CEises with clearly bimodal dis- 
tributions (see, e.g. iMartell et al.ll2008| : i Kavser et al.l I2OO8I : 

H 



iPancino et"aIll2010l : TLardo et al.ll2012a 



for recent results 

and references). 

On the other hand, the splitting of the MS detected in 
the Color Magnitude Diagram (CMD) of some clusters can 
be explained only with the pr esence of a large intra-cluster 
spread in He abundance (e.g. iNorrid [20041 : iD'Antona et al.l 
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l2005l : |Piotto et al.ll2007l '). The RGB bump h as also been used 
as a tracer of He sprea d within clusters (jBragaglia et alj 
I2OIOI : iNataf et all I2OIII ). The splitting of SGB has also 
been observed in several clusters, although a univocal in- 
terpretation for th i s specific phenomenon is still lacking (see 
iMilone et aDl2008l . I2OI2I : IPiotto et al]l2012l ). 

Multi-band photometry involving a near UV passband 
encompassing the wavelength range 3000A < A < 4000A 
(e.g. Landolt's U band, Stromgren u band, F336W filter on 
the Hubble Space Telescope cameras) allowed the discov- 
ery that RGB of GCs appears split and/or broader than 
that expected from observational errors, with clear correla- 
tion between RGB colors at a given r nagnitude and abun- 



dance of Na or N (Yong et al. 2008; Carrett a et al 
Kravtsov et al.,.2010: Marino et al 



201c 


; 


2011 





2012bl ). 



20091 



1; iLardo et al.l 

It has been convincingly demonstrated that 
colors including near UV filters trace the strong varia- 
tions of the strength of NH, CN, CH spect ral features ly- 
ing in that region of spectra of RGB stars llCarretta et al.l 
I2OIII : ISbordone et all 120111 : iMilone et all I2OI2I I. In partic- 
ular. iMilone et al] ( 20121 . Mil2 hereafter) have shown very 
clearly that the combination of spreads in the abundances of 
He, C, N, and O are responsible of a variety of photometric 
features in the CMD of GCs hosting multiple populations, 
depending on the considered evolutionary sequence and the 
set of adopted passbands. 

Interestingly, stars belonging to different generations 
(i.e. to different episodes of star formation) appear well 
separated in color along a given evolutionary sequence on 
the CMD (e.g., along the MS or the RGB; see Fig. 35 by 
Mil2) and show systematic differences in their radial distri- 
butions. It has been generally found that second generation 
stars (rich in N, He, and Na) are more centrally concen- 
trated than the first g eneration stars ("see lLardo et al.l|201li : 
IVesperini et al. I I2OII and G12 for review and references). 
At present, IC4499 is the only Galactic GC with accurate 
near UV photometry that does no t show the photom etric 
signatures of multiple populations l|Walker et al.ll201ll '). 

In iLardo et al.l (|201ll . hereafter Lll) we used pub- 
lic u,g,r phot ometry of Galactic GCs obtained by 



An et al.1 (|2008|) from Sloan Digital Sky Survey (SDSS, see 



Abazaiian et al.l |2009| ) images, to look for near-UV color 



spread along the RGB. Seven of the nine surveyed clus- 
ters showed statistically significant color spread while for 
the remaining two (NGC 5466 and NGC 2419) the avail- 
able photometry was not sufficiently accurate to detect any 
sign of spread. The correlation between u-g color at a given 
magnitude along the RGB and Na abundance of individual 
stars was also demonstrated, at least in one case, and the 
significant differences in the radial distribution of blue and 
red RGB stars were found in all seven GCs with positive 
detection of the color spread. A deeper photometric investi- 
gation of NGC 2419 was a natural follow up of the analysis 
by Lll. 



NGC 2419 is 



2.1, 



metal-poo r (TFe/H] 

ICohen fc Kirbvl |2012| : iMucciarelh et al.1 1201^ . very lu- 
minous {Mv = —9.5, Bellazzini et alT 20121 ) and massive 
(M ~ lO'^Mg. llbata et al ll201ll.l2012D GC located in the far 
outskirts of the Milk y Way (Roc =94.7 kpc, ad opting the 
distance estimate by iDi Criscienzo et al. I l2011al ). Its half- 



light radius (r^ ~ 24 pc lBellazziriill2007l : Hbata et allbOlll fl 
is by far larger than that of other GCs of the same luminos- 
ity and is more aki n to the nuclei of dw arf gala xies than to 
classi c al GCs (Mackev fc van den Bergh 2005: Brodie et al.l 
I2OIII : iNewberg et al.1 l2003l : ICasetti-Dinescu et al.1 120091 1^1. 
Another rare feature that NGC 2419 shares with other 
peculiar clusters (e.g., u Cen, M54) is the presence of a 
conspicuous Blue Hook popul ation, at the hottest extr eme 
of the Horizontal Branch (HB: iDalessandro et al.|[2008l ). 

In spite of all the above hints suggesting the intrin- 
sic complexity of this object, high quality spectroscopic and 
photometric observations able to unveil the subtle effects of 
multiple pop ulations in this clus t er were lacking until very 
recent times, loi Criscienzo et ahl (|2011bl . hereafter Dll) as- 
sembled accurate photometry from different telescopes, in- 
cluding Hubble Space Telescope (HST) and in different pass- 
bands, yet lacking near-UV ones. In spite of this, they were 
able to demonstrate that the observed F435W-F814W color 
spread on the RGB was significantly larger than that ex- 
pected from observational error^. They found that the ob- 
served RGB color distribution can be consistently inter- 
preted together with the peculiar HB morphology of the 
cluster by assuming that ~30% of the cluster stars belong 
to a second generation that is heavily enriched in He (Dll 
provide Y=0.42 as an indicative, reference value). Dll show 
that at the very low metallicity of NGC 2419 such a high 
He abundances is the prevailing factor that determines the 
color of RGB stars of the second generation that, at odds 
with other cases described above, lies to the blue of first 
generation stars, at least in the colors they considered and 
near the base of the RGB, where the color spreads are more 
evid ent (see Lll, disc us sion a nd references therein). 

iMucciareUi et al.l (|2012l . hereafter Mul2) obtained 
abundances of Fe, Mg, K, Ti and Ca for 49 RGB stars of 
NGC 2419 from high S/N medium resolution spectra. They 
found that (a) the observed iron (as well as Ti and Ca) abun- 
dances are consistent with no intrinsic spread, (b) both Mg 
and K abundances display huge spreads, —1.2 ^[Mg/Fe]< 
+ 1.0 and -0.2 <[K/Fe]< -1-2.0, and obvious bimodal dis- 
tributions, and, finally, (c) [Mg/Fe] and [K/Fe] are strongly 
anti-correlated. Such large Mg and K spread as well as the 
anti-correlation between these two elements were never ob- 
served before, neither in GCs or in d warf galaxies. These re - 
sults have been nicely confirmed bv lCohen fc Kirbvl (|2012l ) 
from the analysis of high-resolution spectra of 13 bright 
RGB members. The latter also found a significant spread 
in Na abundance among the sampled stars, in particular 
among the eight K-poor (and Mg-rich) ones. 

Mul2 noted that the large spread in Mg at constant 
Fe abundance and the similarity in the fraction of Mg- 
deficient stars and of put ative He-rich stars (according to 
iDi Criscienzo et al.ll20lfbl ) suggest that the observed abun- 
dance pattern may trace an extreme case of the same 
self-enrichment process due to multiple populations that 
is at work in other GCs. Indeed, a very recent paper 



^ This is the 3-D half-light radius, while the projected (2-D) half- 
light radius is ~ 15 pc. 

^ See lSippel et al.l 1I2OI2I) for an alternative view on the origin of 
large rf^ in distant GCs. 

3 The same result was found also for F457W-F850LP and F55W- 
F775W colors. 
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bv lVenturaetHI ll2012l) . proposes a theoretical framework 
based on self-enrichment from massive (M ~ 6Mq) Asymp- 
totic Giant Branch (AGB) stars that appear as a significant 
step forward in explaining the many peculiar features ob- 
served in this cluster. 

In this paper we use high quality near-UV and opti- 
cal photometry obtained with the Large Binocular Camera 
(LBC) mounted at the Large Binocular Telescope (LBT) to 
search for any intrinsic UV spread along the RGB stars of 
NGC 2419. This would provide additional and direct ob- 
servational support to the notion that the self-enrichment 
process typical of GCs also occurred in this cluster. 



2 OBSERVATIONS AND DATA REDUCTION 

Photometry was acquired at the LBT (Mount Graham; AZ), 
on the night of October 23, 2011, under good seeing condi- 
tions (Cy.'? — 0'.'9) using the blue an d red channels of the L BC 
(LBC-B and LBC-R, respectivelv: lGiallongo et al.ll2008l '). si- 
multaneously. The optics of each LBC camera feeds a mosaic 
of four 4608 px x 2048 px CCDs, with a pixel scale of 0.225 
arcsec px~^. Each CCD chip covers a field of 17.3' x 7.7'. 
Chips 1, 2, and 3 are flanking one another, being adjacent 
along their long sides; Chip 4 is placed perpendicular to this 
array, with its long side adjacent to the short sides of the 
other chips (see Fig. 4 of lCiallongo et al]|2008l V During our 
observations the pointing was chosen to place the center of 
NGC 2419 at the center of Chip 2 (see Fig. [l]). In the fol- 
lowing, we will use the terms Chip 1,2,3,4 referring both to 
the chips themselves and to the Field of View (FoV) they 
sample in the present case. 

We used LBC-B to acquire 14 tf,xp = 300 s exposures in 
the so called Mspec filter, that repro duces the Sloan D igital 
Sky Survey (SDSS) u passband fsee llvezic et al. I l2007l . and 
references therein). In the same time we used LBC-R to 
acquire 14 texp = 90 s exposures in V and I bands. 

A photometric catalog of stellar magnitudes was 
obtained using an accurate Point Spread Functio n (PSF) 
fittin g procedure performed through DAOPHOTII (|Stetson| 
1 19871 ). Up to 60 well sampled and isolated stars in each 
individual frame were chosen to model the PSF. We 
used a Moffat analytic function and a third-order look-up 
table was necessary in order to properly account for the 
spatial variation of the PSF (see iGiallongo ct al. 2 0081 , and 
http:/ /Ibc. mporzio.astro.it/commissioning/psf html ). A 
master list of stars was obtained using all the stars detected 
in at least 6 of the 14 V-band images. This approach 
delivers a master catalog free of spurious detections, such 
as cosmic rays or haloes and spikes around saturated stars. 

The resulting master list was then used to perform PSF 
fitting over the e ntire dataset, adopting the standard ALL- 
FRAME routine l|Stetsonlll993 '). Finally, the average of the 
magnitudes of the stars measured in at least 10 of the 14 
frames of each 9band was adopted as the stellar magnitude 
in the final catalog, and the error on the mean was assumed 
as the associated photometric uncertainty. The final catalog 
contains a total of ~ 11, 500 stars sampled in the u, V and 
I bands. 
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Figure 1. Map of the stars included in our final photometric 
catalog. The FoV of the various chips of the LBC camera (rect- 
angular regions) are labelled as CI, C2, C3, C4. Circles centered 
on the cluster center and with radius Ir^, Sr^, lOr^, and Irt are 
superposed, for reference (r^ is the half-light ra dius, rt is the tidal 
radius, from the best-fit model (# 17) by Jbata et al.|[201ll ). 



2.1 Photometric calibration, astrometry, and 
sample selection 

The transformation from instrumental to calibrated mag- 
nitudes was performed using large numbers of secondary 
standard stars that were included in our FoV and were suc- 
cessfully measured and included in our final catalog. For all 
the considered passbands (a) we derived a transformation 
for Chip 2, that contains most of the standard stars and 
will be the main focus of our analysis, (b) we applied the 
same transformations to stars from all the LBC chips, then 
(c) we used the secondary standards in each chip to adjust 
the photometric Zero Points (ZP). In this way the general 
calibrating equations are derived from the largest sample 
of standard stars and any chip-to-chip photometric shift is 
corrected for using local standards. 

V and I magnitudes were calib rated us i ng th e large set 
of accurate secondary standards bv lStetsonI l|2000l . [20051 '). In 
the left panels of Fig. [2] the solutions for Chip 2, as derived 
from more than 700 standard stars per filter, are presented. 
The dashed lines enclose the range in instrumental color 
covered by cluster stars. The derived first-order polynomi- 
als are roughly adequate in this range, and fully adequate 
for v-i^ 1.1. Since the stars being the main focus of the fol- 
lowing analysis lie in this range (i.e. the RGB stars enclosed 
between the two solid lines in the right panel of Fig. [2} , the 
adopted transformations are appropriate for our purpose. It 
is interesting to note that a non-linear trend of I-i with color 
appears for cluster stars redder than v-i= 1.1. This suggests 
that the differences between the actual LBC-R I filter and 
the standard I filter makes up a kind of "color" that is likely 
sensitive to stellar surface gravity, since bright cluster giants 
and foreground M dwarfs seem to have different behaviors 
as a function of v-i color. 
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Figure 2. Left panels: standard system V(I) magnitudes minus 
instrumental v(i) magnitudes as a function of v-i color for the 
stars in common between our c atalog (chip 2 only) a nd the catalog 
of secondary standard stars bv lStetsonI l|200d.l2005h . The vertical 
dashed lines enclosed the range of instrumental colors covered by 
cluster stars. The red solid lines display the adopted calibrating 
equations. The dotted segment marks the red limit beyond which 
a single linear relation is no more adequate to calibrate all the 
stars. The same limit is marked as a dotted line in the right 
panel, showing the CMD of the stars in common between the two 
catalogs. The solid horizontal lines enclose the magnitude range 
of the RGB stars that are the object of our analysis. 



We used the large number of standard stars in the FoV 
to verify the lack of any significant residual trend (at the 
level of < 0.01 mag) of the photometric ZP with position 
within Chip 2. 

The ZP of the other chips were adjusted adding the 
following shifts (AZP): 

Chip 1: AZP{V) = 0.00 and AZP{I) = +0.02 from 58 
standard stars in the FoV; 

Chip 3; AZP{V) = +0.02 and AZP(I) = +0.05 from 63 
standard stars in the FoV; 

Chip 4: AZP{V) = -0.01 and AZP{I) = +0.07 from 21 
standard stars in the FoV. 

To calibrate u photometry we used as secondary stan- 
dards the stars in common b etween our photom etry and the 
SDSS Data Release 8 fDR8. 1 Aihara et aLllioTl] ) public cat- 
alog of stellar sources. DR8 is the first SDSS release whose 
calibrated photometr y fully relies on the so-c alled iiber- 
calibration procedure (jPadmanabhan et al ] |2008l ). achieving 
1 per cent relative calibration errors in g,r,i,z and 2 per 
cent in the u band over the entire survey area. Since in 
the actual DR8 catalog both the number of stars with valid 
photometry and the photometric accuracy are limited by 
data reduction approach adopted by the SDSS in the most 
crowd ed area ar o und t he cluster center, we adopt the cata- 
log by lAn et al.l (|2008h as an additional (and not indepen- 
dent) dataset to check and extend our calibration. lAn et al.l 
(|2008t ) re-reduced SDSS images using state-of-the art tech- 
niques for stellar photometry in crowded regions, obtaining 



Figure 3. Upper panels: SDSS calibrated u magnitudes minus in- 
strumental magnitudes Ui„st as a function of instrumental Uinat-^ 
color for stars from SDSS-DR8 (upper panel) and from An et al. 
(middle panel) in common with our photometric catalog (chip2 
only). The solid lines are the color-independent ZP we adopted to 
calibrate our instrumental u photometry; the dotted lines enclose 
a range of ±0.1 mag around the solid line. Open circles (upper 
panel) and open squares (middle panel) highlight the brightest 
stars (uinst < 12.5, corresponding to n = 20.27, above the RGB 
tip) that have been used to derive the Zero Point; those lying be- 
yond the ±0.1 mag range around the mean have been discarded. 
Lower panels: the standard-vs-instrumental magnitude difference 
for the same stars (with the same symbols) is plotted versus Dec 
and RA. The dotted lines enclose a range of ±0.05 mag around 
the solid line, marking the ZP level; the solid vertical lines marks 
the position of the cluster center. 



catalogs with larger number of stars and with better relative 
photometr y accuracy near t he cluster center with respect to 
DR8. Since lAn et al.l l|2008l ') photometry was based on DR7 
calibrations we adjusted their ZP to the new iiber-calibrated 
DR8 system using 1655 stars in common between the two 
catalog^. 

In the upper panels of Fig.|3]we show the adopted solu- 
tion for the calibration of u photometry compared with the 
two datasets; only stars brighter than u~ 20.3 were adopted 
to fit the ZP (open symbols) that is clearly independent of 
color over the wide covered range. The compariso n with the 
more extended (in number and color) catalog by lAn et al.l 
(|2008h fully confirms the adequacy of the solution. In the 
lower panels it is shown that the adopted best (bright) stan- 
dards do not trace any obvious trend of the photometric 
ZP(u) with position in the chip. However the considered 
standard stars are not so many and the scatter is larger 
than in V and I: trends with position of maximum ampli- 
tude < 0.03 mag across Chip 2 FoV can, in principle, be 
present and go unnoticed. This is a caveat that should be 
kept in mind in the following. While it is quite unlikely that 
such an undetected trend is at the origin of the results of 



The adopted transformation is udrs 



■ 0.018. 
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our analysis, we do not have any real control on its actual 
effects. 

More than two hundred local standards per chip were 
used to adjust the ZP of chip 1, 2, and 4. The derived shifts 
are null, except for Chip 4, where AZP{u) = +0.03. 

To minimize any subtle residual photometric trend as a 
function of position that may affect our results, we will limit 
the core of our analysis only to stars lying in Chip 2 (see 
Sect.[3|. Fig. [1] shows that this allow us to maintain a good 
radial coverage (from the cluster center out to > lOr^) while 
dealing with the best calibrated and cross-checked photo- 
metric sample. Photometry from other Chips have been used 
only to estimate the impact of foreground contamination of 
our CMDs (see Sec. [3]). We provide a detailed description of 
the whole procedure of calibration as a reference for future 
users of our photometric catalog that we make electronically 
available (a small sample is shown in Table [l]) . 



2.1.1 Astrometry 

The star coordinates were transformed from X,Y in pixel to 
Equatorial J2000 RA and Dec, using SDSS stars as astro- 
metric standards, with the code CataXcori[3. The transfor- 
mation was performed in two steps: 

• first, through a third order polynomial using the DR8 
catalog, that covers uniformly the whole LBC FoV except for 
the immediate surroundings of the cluster center (because 
of crowding) . 

• then , through a first order polynomial using the 
I An et al] (|2008l ) catalog that is much more populated near 
the cluster center but misses the corners of our FoV. 

The final solutions has a r.m.s of 0.04", both in RA and 
Dec, from ~ 2400 stars in common (Chip 2). The differ- 
en ce in p osition between our astrometric system and that 
bv lStetso n (2005) has a r.m.s of 0.04" in RA and 0.05" in 
Dec for 2745 stars in common. The r.m.s. is always ^ 0.07" 
also for all th e other chips, both with respect to DR8 or 
IStetsonI l|2005l ') astrometry, albeit with significantly less as- 
trometric standards (from ~ 100 to ~ 400, depending on 
the case). 

In the follo wing we will adopt the c oordinates of the 
cluster center bv lDalessandro et al.l (|2008|) and th e estim ate 
of the half-light radius ru = 56.3" by Ibata et al.l l|201ll) . as 
a reference lenght-scale. 



2.1.2 Sample selection 

The scientific goal of our experiment requires stringent qual- 
ity control: for our purpose it is much better to lose stars 
whose photometry is somehow uncertain than including 
spurious sources or measures. For this reason we adopted 
pretty conservative criteria on the quality paramet ers pro- 
vided by D AOPHOT, i.e. CHI and SHARP fsee IStetsonI 
1 19871 . 1 19941 ). By simultaneous inspection of the CMD and 
the SHARP vs. V and CHI vs. V diagrams we finally 



adopted the following magnitude-dependent criteria. We ac- 
cept as bona-fide well measured stars for the following anal- 
ysis sources having 

(i) \SHARP\ < 0.1 if V< 20.0 

(ii) \SHARP\ < 0.2 if 20.0 s:V< 23.0 

(iii) \SHARP\< 0.4 iiY^ 23.0 

(iv) and CHI < 2.0 for any V 

The above criteria select a sample of 8036 sources, 6802 
of them in Chip 2. The following analysis will always deal 
with this selected sample, even if we maintain all the origi- 
nal 11495 sources in our catalog. In Sect. 12.31 below we will 
introduce a further selection based on the distance from the 
cluster center, i.e. we will exclude from our analysis stars 
with R ^ 50". A sample of the photometric catalog of se- 
lected stars in the entire mosaic is presented in Table [1] 

2.2 The Color Magnitude Diagrams 

In Fig. [4] we present the V, V-I and V, u-V Color Magni- 
tude Diagrams of our selected sample (all chips). The well 
defined cluster RGB is the dominant feature, from 1/ ~ 18 
down to V ~ 23 where it bends into the SGB and MS down 
to a limiting magnitude V ~ 24.5. The prominent blue HB 
sequence is visible from V ~ 20.3 to 1^ ~ 22.5. We veri- 
fied, by cross-matching wit h the deeper Subaru and HST 
photometry bv iDalessandro et al.l l| 20081 ). that the handful 
of faint blue stars at V - 7 ~ m - V < 0.0 and V < 23.0 
are extreme BHB stars (bl ue-hook, IDalessandro et al]|2008l : 
iDi Criscienzo et al.ll2011bl ). The majority of the sources at 

V < 20. 5 and u-V< 1.0 are not am ong the variable stars 
listed bv lDi Criscienzo et al.l (|2011al ). but have, instead the 
colors typical of quasars. Indeed a few of them have been 
counter-identified as known quasars. We are following up 
these sources since they can provide an excellent reference 
frame for the determination of the absolute proper motion 
of the cluster. 

The vertical stripe of stars with a sharp color-edge at 

V — I 0.8 and — ~ 1.2 is made of foreground Turn- 
Off stars at various distances in the Galactic Halo. For V — 
I > 2.0 and around u ~ V 3.6 the plume of Galactic M- 
dwarfs is clearly visible. In the V, u-V CMD a hint of the 
MS of the Monoce ros Stream (lying in the foreground, see 
ISollima et al.llioill ') . can be also discerned, bending from (V, 
u-V)-(21.0,1.0) to (V, u-V)~(23.5,3.0). 

Several stars within ~ 0.5 magnitudes from the tip of 
the cluster RGB (at V ~ 17.4) have been excluded from the 
selected sample by the criteria described in Sect. 12. iT^ likely 
because they were partially saturated. Finally, in Fig. |4] we 
superpose to the cluster MS and RGB the ridge lines we 
derived from the data by averaging the color (with 2-a clip- 
ping) over magnitude bins of variable width. These ridge 
lines are always used as a reference in the following. 

We do not see any obvious sign of differential reddening 
across our FoV. This is in good agreement with Dll who set 
a strong upper limit of 0.005 mag to differential reddening 
over the central field of view sampled by their HST data. 



^ Developed by P. Montegriffo, together with a suite of other 
astronomical utility softwares (CataPack), at INAF-OABo and 
extensively used by several authors since more than ten years. 



2.3 Artificial stars experiments 

As previously discussed, the aim of this work is to search 
for color spreads along the RGB. It is then crucial to have 
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Table 1. A sample of the photometric catalog of NGC 2419. The complete catalog is available in ASCII format in the electronic edition 
of the paper. 



ID 




a2000 




52000 


u 




V 




I 




100001 


jh 


37m 


47.06'' 


38° 


46' 


03.34" 


24.322 


0.037 


20.873 


0.004 


19.089 


0.003 


100003 


jh 


37" 


46.97'' 


38° 


50' 


23.79" 


24.330 


0.040 


21.367 


0.005 


19.426 


0.003 


100004 


jh 


37m 


46.66'' 


38° 


45' 


40.01" 


23.689 


0.017 


22.978 


0.019 


21.955 


0.015 


100005 




37m 


46.78" 


38° 


50' 


02.51" 


21.320 


0.004 


19.259 


0.003 


18.168 


0.003 


100008 


7h 


37m 


46.66" 


38° 


50' 


19.75" 


21.448 


0.005 


19.392 


0.002 


18.312 


0.002 


100009 


Jh 


37m 


46.79" 


38° 


53' 


47.15" 


23.292 


0.012 


21.764 


0.007 


20.841 


0.005 


100011 


•Jh 


37m 


46.62" 


38° 


52' 


01.63" 


23.759 


0.021 


23.060 


0.028 


22.470 


0.032 


100012 


Jh 


37m 


46.56" 


38° 


51' 


25.49" 


24.498 


0.035 


23.284 


0.026 


22.566 


0.022 


100014 


Jh 


37m 


46.84" 


38° 


55' 


42.20" 


22.212 


0.005 


19.040 


0.002 


17.491 


0.003 




Figure 4. V,V-I (left panel)and V,u-V CMD for all the stars included in our final photometric catalog (from all the four LBC chips). 
The MS and RGB ridge lines are also shown (grey line). 



a realistic and robust estimate of any possible unphysical 
factors that can induce the broad ening of the RG B (e.g. 
blending, photometric errors; see iLardo et aLllioill ). 

These features, related to the quality of the data, can 
be properly studied through artificial stars experiments. We 
produced a c atalog of artificia l stars following the procedure 
described in iBellazzini et al.l (|2002l ). We first generated a 
catalog of simulated stars with a V magnitude randomly 
extracted from a Luminosity Function (LF) reproducing the 
observed LF in the V band. The u and I magnitudes were 



assigned at each sampled V magnitude by interpolating the 
mean ridge lines of the cluster (see Fig. Q. 

The artificial stars where then added to the real im- 
ages using DAOPHOTII/ADDSTAR routine and adopting 
the same PSF models computed during the PSF fitting of 
the images (see Sect. In order to avoid the risk to in- 
duce artificial stellar crowding, each frame was divided in a 
grid of boxes of the size of 20 pixel (i.e. 5 times the mean 
FWHM of the stars in the frames) and only one star was 
randomly placed within each box in each artificial test run. 
Once the artificial stars were added on the images, we per- 
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Figure 5. Black dots: photometric errors {ex, where A= V, I, u) 
from repeated measures of real (left panel) and artificial (right 
panel) stars as a function of V magnitude. Grey dots; differences 
between input and output magnitudes for artificial stars; the solid 
lines are itScr limits around AXout—in = 0.0. Open grey circles 
are the r.m.s. of A\out—in computed in bins of one magnitude 
from stars enclosed within the ±3cr lines. 



formed the photometric reduction adopting exactly the same 
approach described in Sect.O The entire procedure was re- 
peated many times and we collected a final catalog of more 
than 200,000 artificial stars. We finally applied to the artifi- 
cial stars the same selection criteria used for real stars (see 
Sect. [2T2l) . 

In Fig. [S] we show the photometric errors computed as 
errors on the mean from repeated measures (black dots), 
both for real (left panels) and artificial stars (right panel). 
It is reassuring that the error distributions in the two sets 
are fully consistent, and that the r.m.s. of the differences 
between input and output magnitudes has also a similar 
behaviour (grey circles). Note that the average photomet- 
ric error is ^ 0.01 mag in all the considered passbands for 
RGB stars in the magnitude range that we consider for our 
analysis (19.8 ^ V sC 22.0, see Sect.[3l below). 

In Fig. [5] the completeness and the scatter in u-V color 
are plotted as a function of distance from the cluster cen- 
ter for the same sub-set of (artificial) RGB stars. The com- 
pleteness within R ^ 50" is so low that in the following 
we exclude stars in this radial range from our analysis. For 
R > 150" the completeness is constant with radius. The 
small discontinuity at i? 230" is due to an additional loss 
of stars in a radius of ~ 50" around the bright foreground 
star HD60771 (V=7.23). 

In the following analysis we will made use of sub- 
samples of artificial stars having the same magnitude, color 
and radial distribution as the real sample we are considering 
in our analysis. These samples are obtained by associating 
to each real star a successfully recovered artificial star lying 
in the immediate proximity and having similar magnitude 
and color of the real star, as done and described in detail 
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Figure 6. Upper panel: completeness as a function of distance 
from the center of the cluster for stars in the same range of mag- 
nitude as the RGB stars that are the main object of our analysis. 
Lower panel: distribution of the differences between input and 
output u-V colors for stars in the same magnitude range. The 
dotted lines mark the R = 50" threshold. 

in iBellazzini et al.l ([201?) . We define these sets of artificial 
stars as Similar Samples. Similar Samples provide the best 
approximation of the effects of the observation + data reduc- 
tion process as the actual sample of real stars under consid- 
eration. This is a safe approach when dealing with cases in 
which, for instance, the completeness and/or the photomet- 
ric error distri butions may change si gnificantly with radius 
(see Fig.El and IBellazzini et al.l[20ll ). Notice that whenever 
we use a Similar Sample in our analysis, we counter-check 
our results adopting three different (albeit not fully inde- 
pendent) random realisations of the sample. 



3 COLOR SPREAD ALONG THE RGB 

In the upper-left panel of Fig. [7|we show how we selected the 
RGB sample that is the object of the present analysis. We fo- 
cus on stars on the lower RGB, below the RGB bump, where 
(a) the effects of CNO and He abundance differences on color 
spread are larger (Lll,Mil2 Sbordono ct al. 2 01l]). (b) n o 
effects of extra- mixing are expected (Gratton et al.|[2000l ). 
and (c) any possible contamination from genuine AGB stars 
is avoided. We recall again that, in the following, we con- 
sider only stars from Chip 2 with R > 50", except for the 
lower panels of Fig. [T] Following Lll, we selected the most 
likely RGB candidates in V-I color, in a narrow (±0.06 mag 
i.e. more than 4 times the combined photometric error in V 
an I bands) strip around the ridge-line. Heavy points show 
how this selection translates into the u-V, V CMD in the 
upper-right panel of the figure. 

In order to have a robust estimate of the field contam- 
ination possibly affecting our RGB sample, we counted the 
number of stars located at a distance R > lOrn from the 
cluster center (from any Chip) and falling in the same se- 
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Figure 7. Upper left panel: the RGB stars to be searched for color 
spread (heavy dots) are selected in a narrow strip (±0.06 mag) 
around the V, V-I ridge line (grey solid line; dotted lines enclose 
the ±0.06 mag color range). Upper right panel: the stars selected 
in V-I are plotted in the ii-V, V CMD. To show the behavior of 
cluster stars we have plotted in the upper panels CMDs only stars 
lying within Sr^j from the cluster center. To provide an idea of the 
effect of field contamination on our analysis, in the lower panels 
we present the same CMDs for stars with R > lOr^, (from any 
Chip, see Fig. [TJ. 



lection box used to our bona-fide RGB stars. As shown in 
the lower panels of Fig. [71 only 15 stars falls in this box. 
Since the ratio of the area of the two considered regions is 
~ 3.5, less than 5 field stars are expected to contaminate 
the inner sample, where most of cluster RGB stars lie. This 
clearly demonstrates that fore/background contamination is 
negligible. 

Again following Lll, we define the absolute color spread 
{AcoV, where col=V-I or u-V) as the difference (in magni- 
tudes) between the color of a selected star and the ridge-line 
at the same magnitude, and the normalized color spread as 
the same quantity divided by the corresponding photometric 
error (A^oi' = Tf^)- 

In Fig. [S]we compare the Acoi and Acoif in V-I (lower 
panels) and u-V (upper panels) for artificial and real stars 
(dotted and solid histograms, respectively). Artificial stars 
are selected in the same way as real stars (i.e. 19.8 ^ 1/ ^ 
22.0 RGB stars within ±0.06 mag in color from the ridge- 
line in the V, V-I CMD) from a Similar Sample, having the 
same magnitude and radial distribution of real stars (and, 
by definition, the same number of stars, see Sect. 12. 3) . A few 
specific comment are in order: 

(i) In all cases the distributions of color spread in real 
stars are wider than in artificial stars, implying that an in- 
trinsic color spread is detected both in V-I (in agreement 
with Dll, who considered various combinations of optical 
colors) and in u-V (a new finding, not particularly surpris- 
ing but not trivial, given the results by Mil2). Subtracting 
in quadrature the r.m.s. of the artificial stars distribution to 



Figure 8. Distributions of u-V (solid histograms) and V-I (dot- 
tod histograms) color spreads with respect to the RGB fiducials 
of Fig. [7] for real stars of the selected RGB sample (lower panels) 
and for the corresponding sample of artificial stars with the same 
radial distribution (upper panels). Left panels show the distri- 
butions of the absolute color spread while right panels show the 
distributions of the normalized color spread, following Lll. 



that of real stars we find that the average intrinsic scatter is 
0.018 mag in V-I and 0.037 mag in u-V. It turns out that the 
effect has its maximum amplitude in u-I, where the intrinsic 
spread is 0.082 ma£] 

(ii) In all the possible comparisons between color spread 
distributions for artificial and real stars shown in Fig. |8] the 
probability that artificial and real stars are drawn from the 
same parent populations are always lower than 4 x 10~^^, 
according to Kolmogorov-Smirnov (KS) tests. The same is 
true for the spread in u-I (not shown in Fig. ^ . The detec- 
tions of intrinsic color spreads in V-I, u-V and u-I are highly 
significant. 

(iii) The fact that a significant color spread is detected 
not only in u-V and u-I (i.e., in optical- NUV colors, as in the 
majority of GCs, see lYong et al.ll2008l , and Lll) but also in 
V-I, provides support to the conclusions by Dll, i.e. that in 
the case of NGC 2419 the dominant factor driving the color 
spread on the RGB, at least near the RGB base, is a large 
He spread, not the NH and CN bands, as the effects of these 
bands is weak in this very metal poor regime and it should be 
negligible in V-I (see Lll, discussion and references therein) . 
In Fig. [Hwe use BASTI isochrones (|Pietrinferni et al.|[2004h 
to show that the observed V-I color spread is roughly qual- 
itatively consistent with the color difference induced by the 
difference in He abundance proposed by Dll. 



^ We note that these numbers should be taken as measures of the 
relative sensitivity of the various colors to the same physical differ- 
ences between stars, since the distributions they are referred to are 
not Gaussian. The actual observed r.m.s. for real(artificial) stars 
are 0.0221(0.0133) mag, 0.0466(0.0284) mag, and 0.0912(0.0395) 
mag, in V-I, u-V, and u-I, respectively. 
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Figure 9. Theoretica l isoclirones from tiie BASTI dataset 
l|Pietrinferni et aljliooi ) for two different He abundances are su- 
perimposed to the observed V, V-1 CMD of NGC 2419. The 
age, metallicity and J g/Fe] ratio have been adopted following 
iBellazzini et al .' IwVI) ; the adopted distan ce modulus and red- 
dening are from Di Criscicnzo ct af] The He abundance 
of the two model is similar to that assumed by Dll for the first 
(Y=0.245) and second generation (Y=0.400) of stars they pro- 
pose. 

3.1 Radial distribution of Red and Blue RGB 
stars 

We divide the RGB sample into RGB-Blue and RGB-Red 
according to the color of the stars with respect to the ridge- 
line. It is important to stress that, even with the high pho- 
tometric quality of the data presented in this paper, we are 
unable to detect any obvious split (bimodality) in color be- 
tween the different populations along the RGB. Any empir- 
ical separation between a RGB-Blue and a RGB-Red sam- 
ples based on color is somewhat arbitrary. Even if the two 
populations were cleanly separated in terms of He and hght 
elements abundance distributions, these physical differences 
would translate into col or spreads whose amp litude changes 
with magnitude (Mil2. ISbordone et al.ll2011^ ■ and observa- 
tional errors (that are also varying with magnitude) would 
contribute to mix the two populations. Ifence any sample 
of stars lying to the blue (red) of the ridge- line in a given 
plane would contain a mix of the two parent populations 
(e.g., the first and second generation of stars in the cluster). 
Nevertheless, we expect that each sample is domtnated by 
the corresponding sub-population. 

In the upper panels of Fig.[Tn]the selection of the RGB- 
Blue and RGB-Red sub-samples as perfomed in u-V and u-I 
(left and right panels, respectively) is displayed. In the lower 
panels the corresponding radial distributions of RGB-Blue 
and RGB-Red stars are compared. Independently of the 
adopted selection RGB-Blue stars are significantly more cen- 
trally concentrated than RGB-Red stars. According to a KS 
test the probability that the two sub-samples are extracted 
from the same parent radial distribution is Pks = 2 x 10~®, 



Figure 10. Upper panels: selection of Blue and Red RGB stars 
in the V, u-V CMD (left panel) and in the V, u-I CMD (right 
panel); the solid grey lines are the RGB ridge lines. Lower panels: 
Comparisons between the radial distribution of Blue (black solid 
line) and Red (grey dashed line) RGB stars as selected in the 
corresponding CMDs. 

for the (u-V)-selected samples, and Pks = 8x 10"" for the 
(u-I)-selected samplsQ. This is the first time that a difference 
in the radial distributton between different samples of stars 
is detected m NGC 2419. 

In all the GCs where a difference in radial distribution 
has been observed between stars ascribable to different gen- 
erations, second generation stars have been invariably found 
to be more centrally concentrated than first generation stars 
(see Lll, G12 and Mil2 for references and discussion). The 
result presented in Fig. [10] shows that NGC 2419 is no ex- 
ception, if indeed RGB-Blue stars are dominated by sec- 
ond generation stars as envisaged by Dll and illustrated in 
Fig. El 

Fig. [11] shows the radial trend of the fraction of RGB- 
Blue stars, running from ~55 per cent at ~ 60" down to 
~15 per cent at i? ~ 260", where the profile flattens, albeit 
with large (but not statistically significant) fiuctuations. It 
is worth recalling that the R ^ 50" region is excluded from 
the analysis. The overall fraction of RGB-Blue stars within 
IQrh is ~ 40 per cent, in good agreement with the fraction of 
Mg-deficient stars derived by Mul2 and in rough agreement 
with the fraction of extreme He-rich stars as estimated by 
Dll. 

In a recent paper IVesperini et~all l|2012l ) demonstrated 
that the spatial segregation between first and second gener- 
ation stars, set up at the birth of the second generation, can 

^ The same kind of difference is observed if the selection is per- 
formed in V-I, but in this case the significance is lower, Pks = 
0.058. This is due to the lower discriminating power of the V-I 
color, the one displaying the smallest intrinsic spread, leading to 
a higher degree of mixing between intrinsically red and blue RGB 
stars in the resulting sub-samples. 
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Figure 11. Fraction of RGB Blue stars (selected in u-I) on the 
total number of RGB stars in the selected magnitude range as 
a function of distance from the cluster center. The fraction is 
computed on running bins 50" wide with a step of 25". The profile 
obtained from (u-V)-selected stars is indistinguishable. 



be preserved for a large fraction of the cluster life, depend- 
ing on the original degree of segregation and on the rate at 
which 2-body relaxation is working in the cluster (but, in 
any case, for more than 10 half-mass relaxation times trh)- 
As anticipated, in the case o f NGC 2419 trh is significantly 
large r than the Hubble time dPalessandro et al]|2008l : iHarrij 
1 19961 ). hence the radial distributions of first and second gen- 
eration stars should closely trace those settled at the end 
of the star forming phase (see also lBellazzini et al.ll20l3 ). It 
is interesting to note, from Fig. 1111 that the Nbiub/Ntot 
profile approaches the average global value (~ 40 per cent) 
at _R ~ 2rh, in good agreement with the predictions by 
IVesperini etall l|2012l ). 

An important test to verify the scenario by Dll, where 
RGB-Blue stars should belong to the same He-enriched sec- 
ond generation as Extreme HB (EHB) stars, would be to 
search for a radial trend similar to that shown in Fig. [TT] 
for EHB stars. Unfortunately, this is quite difficult to probe 
because of the large magnitude difference between BHB and 
EHB, implying a significant difference in the completeness 
fraction between the two samples, and, above all, the differ- 
ence in the radial tren d of the completeness a s a function of 
radius (see Fig. [ 5] and iBellazzini et al.ll2012l ). In particular 
iBellazzini et al.l (120121 ') showed that even with the deepest 
HST photometry, the completeness factor of stars as faint as 
EHB would be lower than 50 per cent for significant fractions 
of the radial range sampled by the FoV of HST cameras, 
and in any case it is subject to strong variations with radius 
over the whole FoV. Hence, the considered test cannot be 
performed in a safe way with the observational material cur- 
rently available (and, indeed, was not performed by Dll). 
On the other hand, the results shown in Fig. llOl and Fig. 1111 
are fully reliable since the RGB-Blue and RGB-Red samples 
are equally affected by incompleteness. 



> 




V-I u-V 

Figure 12. Location of Mg-deficient (blue s quare s) and Mg-rich 
(red-triangles) stars from [Mucciarelli et al.l ||2012| ) in the V, V-I 
(left panel) and V, u-V (right panel) CMDs; the solid lines are 
the RGB ridge lines. Lighter symbols correspond to stars that 
are present in our catalog but are excluded from the analyzed 
sample because of the selections in CHI and SHARP adopted in 
Sect. [2X2l 

3.2 Color spread and Mg abundance for bright 
RGB stars 

In fig. [12] we show the location in the V, V-I and V, u-V 
CMDs of the stars studied by Mul2, according to their Mg 
abundance. We limited our comparison to stars fainter than 
V = 17.85 to avoid spurious effect tied to the partial satu- 
ration affecting stars brighter than this limit (see Sect. 12.2]) . 
For the same reason, we cannot perform any useful test of 
correlation between ch emical abundances and color for the 
ICohen fc Kirb^ (|2012l ) sample, since only 3 of the 13 stars 
in the sample are fainter than V = 17.85. 

It should be noted that, in spite of the magnitude cut 
we adopted, several of the Mul2 stars shown in Fig. 1121 do 
not pass the quality criteria described in Sect. 12.1.21 Still 
it is hard to conceive that the color segregation between 
Mg-deficient and Mg-normajf] stars emerging in the V, u-V 
CMD (and not seen in the V, V-I one) of Fig. 1121 can be a 
spurious effect of larger uncertainties. In the V, u-V CMD 
13 of the 15 Mg-deficient stars lie to red of the ridge line, 
while 13 of 19 Mg-normal stars lie to the blue of the ridge 
line. We recall that the [Mg/Fe] distribution in NGC 2419 
is bi-modal, with a threshold between the two groups oc- 
curring at [Mg/Fe] ~ 0.0: hence the separation adopted in 
Fig. [12] reflects a physical separation between two genera- 
tions of stars. 

In the typical GC self-enriched in light elements (and 
not in iron), Mg-poor stars would be also Na-rich, hence 
the results shown in Fig. [T^] would be strictly analogous to 
those shown in other clusters, where Na-rich RGB stars have 
redder near-UV-opti cal color than Na-po or ones at the same 
magnitude (see, e.g.. lMarino et aL I l2008l . Lll). 

However, with very few exceptions, in typical GCs Mg- 
poor/Na-rich stars have [Mg/Fe] > 0.0, the large population 
of Mg-deflcient ( [Mg/Fe] < 0.0) stars is a unique character- 
istic of NGC 2419. Moreover, while the small sample stud- 

* Adopting the nomenclature by Mul2. 
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ied by ICohen fc Kirbvl l|2012h does not allow to draw firm 
conclusions, no correlation be tween Mr and Na ab undances 
emerges from their data (see IVentura et al.l I2OI2I ) . Finally, 
the results presented in the previous sections seem to con- 
firm the notion that the main factor driving the color spread 
in the RGB in NGC 2419 is the spread in He abundance, not 
in CN and NH bands strength, as in other clusters. There- 
fore, it is unlikely that the general scheme for the interpreta- 
tion of the behavior of typical clusters can be applied in the 
present case. It has also to be noted that the stars consid- 
ered in this section lie in a completely different magnitude 
range with respect to those considered in previous sections 
(17.85 ^ y 18.85 vs. 19.8 ^ F < 22.0). By analogy with 
the results of Mil2, it is quite likely that the two effects 
are due to different factors acting in different regions of the 
CMDs. 

To investigate the origin of the correlation between 
Mg abundance and u-V color on the upper RGB shown in 
Fig. [T2] one should try to couple stellar interior and atmo- 
sphere models computed on purpose to reproduce the unique 
(and puzzling) chemical composition of this cluster (Mul2, 
ICohe n & Kirby 2012), that is clearly beyond the scope of 
the present analysis. 



4 SUMMARY AND CONCLUSIONS 

Using a large number of deep multi-band images from LBC 
on LBT, we obtained accurate u, V and I photometry of the 
Red Giant Branch of the massive globular cluster NGC 2419. 
The main scientific goal of our observations was to search 
for near-UV color spreads at fixed magnitude on the RGB, 
a typical photometric signature of multiple populations in 
GCs (Lll). We found a very significant color spread, in ex- 
cess of what expected from observational errors, in all the 
considered colors, u-I, u-V, V-I. Our findings are in quali- 
tative and quantitative agreement with the results by Dll, 
who proposed that the RGB color spread in this cluster is 
mainly due to a large spread of Helium abundance between 
the subsequent stellar generations of the cluster. The oc- 
currence of a significant spread also in colors not including 
near-UV filters, found by Dll with various passbands combi- 
nation and confirmed here in V-I, strongly support this view. 
The variations of NH and CN band strength that drive the 
near-UV color spread in typical clusters is ineffective in opti- 
cal colors (see, e.g., Lll) , while variations in He change the 
surface temperature of the stars independ ently of the details 
of th e stellar atmosphere (see Cassisi, Sal aris fc Pietrinfernil 
|2013| . for discussion and references). In this scenario, the 
He-rich second-generation RGB stars lie to the blue of the 
He-normal RGB stars from the first generation, as shown in 
Fig. |9l above. 

We divided our RGB sample into a RGB-Blue and a 
RGB-Red subsample, according to their position in (u-V 
or u-I) color with respect to the cluster ridge line, and we 
investigated their radial distributions. We found that these 
differ at a very high level of significance, RGB-Blue stars be- 
ing more centrally concentrated than RGB-Red ones. This ts 
the first detection of a difference in the radial distribution be- 
tween different samples of stars in this cluster. Interpreting 
the RGB-Blue sample as dominated by second generation 
stars, following Dll, the sense of the observed difference is 



the same found in all the other GCs where differences in 
radial distributions have been detected, i.e. second genera- 
tion stars are more centrally concentrated than first gener- 
ation stars, in g ood a greement with the recent models by 
IVesperini et~aLl (I2OI2I ). It has to be noted that the differ- 
ence in the radial distribution of first and second genera- 
tion stars at the end of the star formation epoch, is a gen- 
eral pred iction of all the model s of ch e mical self-enrichment 
in GCs llDecressin et al.1 12007| . I2OO8I : iD'Ercole et al] l2008l : 
Ide Mink et al.ll2009l ) 

The lack of a spread in iron abundance combined with 
the significant spread in He and light elements, and the dif- 
ference in the radial distribution between RGB-Blue and 
RGB-Red stars strongly suggest that the peculiar abun- 
dance pattern observed in NGC 2419 is more likely due to 
an extreme manifestation of the multiple population syn- 
drome affecting GCs than to the self- enric hment processes 
at work in typical dwarf ga laxies (Dll.Mul2 lCohen fc Kirbvl 
|2012| : IVentura et al.l 20121). The interpre tative scheme re- 
cently prx)posecPbyn^^ura^t|al] (|2012l ) can possibly ac- 
commodate aJso_th«_small spread in Calcium abundance 
claimed by ICohen fc Kirbvl Hoi^fl into a chemical enrich- 
ment path driven by AGB stars. 

However it should be recalled that, while promising, 
Ventura et al.'s model is highly speculative (for instance 
cross sections of relevant nuclear reaction must be stretched 
by a factor of a hundred with respect to their standard value, 
to reproduce the observed enhancement in Potassium abun- 
dance) and we are far from a complete understanding of the 
evolutionary path of NGC 2419. It is quite likely that, in 
spite of the impressive progresses of the latest years, we are 
also stil l lacking important o bservational facts, as empha- 
sized bv I Ventura et all l|2012l '). The correlation between u-V 
color and Mg abundance presented in Fig. [12] provide an ex- 
cellent example in this sense. While the effect is analogous to 
the correlation between near-UV colors and, e.g., Na abun- 
dance observed in many metal-intermediate and metal-rich 
clusters, it is very unlikely that it has the same origin. Stellar 
models predict that the He-rich RGBs from the second gen- 
eration should lie to the red of first generation stars all along 
the RGB (see Fig. [5)). Henc e Mg-poor stars, tha t should be- 
long to second generation (jVentura et al.ll2012l ). should lie 
on the blue side of the RGB, since the effects of NH and CN 
bands should be negligible at the metallicity of NGC 2419. 
Still we observe that Mg-poor stars lie in the red side of the 
RGB, indicating that some other mechanisms should be at 
work, possibly some unexpected spectral feature due to the 
the highly non-standard composition of the atmosphere of 
the stars of this cluster. Obtaining spectra of these stars in 
the region of the U band seems the only way to get further 
insight on this puzzling issue. 



^ The only di fference in the results of the spectroscopic analyses 
by Mul2 and ICohen fc Kirbvl i201^ ) is about the spread in the 
Ca abundance: the former conclude that .. . the spread in calcium 
abundance is absent or very small..., while lCohen fc Kirbvl 1I2OI2I ') 
claims that a small but real spread is actually there, especially 
among Mg-poor stars. From their data, using the Maximum Like- 
lihood technique adopted by Mul2, we find that the intrinsic Ca 
spread is a[Ca/Fe] = 0.05 ± 0.13. 
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